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NOTICE

The information in this document has been funded, wholly or in part, by the
United States Environmental Protection Agency under Contract No. 68-03-3113

to JRB Associates. It has been subject to the Agency's peer and administrative
review and has been approved for publication as an EPA document.

This document provides guidance for the preparation of feasibility studies
required under the revised National Contingency Plan.
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FOREWORD

Under the authorities of the Comprehensive Environmental Response,
Compensation and Liability Act of 1980 (CERCLA), the Office of Emergency
and Remdial Response and the Office of Waste Programs Enforcement are
responsible for overseeing the development and implementation of the
Government's program for response to uncontrolled releases of hazardous
substances. These responses ensure that threats to public health, welfare,
or the environment are appropriately addressed through the effective
management of CERCLA's enforcement and funding authorities. The Hazardous
Waste Engineering Laboratory develops new and improved technologies and
systems to prevent, treat, and manage hazardous waste pollutant discharges
to minimize the adverse economic, social, health, and aesthetic effects of
pollution.

This document is a cooperative effort between the Office of Solid
Waste and Emergency Response and the Office of Research and Development.
It is one of a series of reports being published to implement CERCLA,
otherwise known as Superfund. These reports provide an array of information
necessary for compilance with the National Contingency Plan (NCP, 47 FR
31180, July 16, 1982), including: guidance for remedial investigation and
feasibility studies, guidance for exposure assessments, analytical and
engineering methods and procedures, research reports, technical manuals,
toxicological and engineering data bases, and other reference documents
pertinent to Superfund.

This guidance document provides guidance for the preparation of
feasibility studies required under the revised NCP. It provides project
managers and decision makers in govermment and industry with guidelines for
developing and evaluating alternative remedial responses to be uncontrolled
releases of hazardous substances. In conjunction with other publications
in this series, it will assist in meeting the national goal of adequately
protecting public health, welfare, and the environment.
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ABSTRACT

This guidance document is intended to provide a more detailed structure
for identifying, evaluating, and selecting remedial action alternatives
under the Comprehensive Environmental Response, Compensation, and Liability
Act (CERCLA) and the National Contingency Plan (40 CFR 300).

The feasibility study process begins with the development of specific
alternatives based on general response actions identified in the remedial
investigation to address site contamination problems. Technologies within
the categories are screened for their technical applicability to the site.
Technologies considered technically appropriate are then combined to form
alternatives that fulfill five specific categories. The alternatives are
screened on the basis of public health and environmental concerns and
order-of-magnitude costs.

Alternatives that pass the screening process undergo detailed analyses
to provide the decisionmaker with information for selecting the alternative
that is cost-effective. The detailed analyses encompasses engineering,
institutional, public health, environmental, and cost analyses. The
engineering analysis evaluates constructability and reliability to ensure
the implementability of alternatives. The institutional analysis examines
alternatives in terms of the Federal, State, or local requirements,
advisories, or guidance that must be considered to protect the public
health, welfare, and environment. The public health exposure evaluation
includes baseline site evaluation, exposure assessment, standards analysis,
short- and long-term effects of each alternative, and endangerment assess—

ment. The environmental analysis includes assessment of adverse impacts if
no action is taken and the short- and long-term effects of the alternatives.

The cost analysis examines capital and operation costs, and involves present
worth and sensitivity analyses.

Once the detailed analyses are conducted, the information is organized
to compare findings of the evaluations for each alternative. The objective
of this summary is to ensure that important information is presented in a
concise format so that the decisionmaker can choose the remedy that provides
the best balance of health and environmental protection, and engineering
reliability with cost.

A recommended format for the Feasibility Study Report is also provided.
It describes the specific elements to be included, the rationale for their
inclusions, the level of detail, and the documentation that should accompany
the report.
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CHAPTER 1

EXECUTIVE SUMMARY

The Comprehensive Environmental Response, Compensation, and Liability
Act of 1980 (CERCLA) establishes a national program for responding to
releases of hazardous substances into the environment. The funding
mechanism for this program is the Hazardous Substance Response Trust Fund
(commonly referred to as the Superfund), which provides funding for the
studies of such releases and the development and implementation of removal
and remedial response actions. The operational centerpiece of this program,
that ensures the Superfund is used as effectively as possible for these
purposes, is the revised National 0il and Hazardous Substances Contingency
Plan (NCP), originally promulgated under section 311 of the Federal Water
Pollution Control Act and revised under section 105 of CERCLA.

Executive Order 12316 delegates to the U.S. Envirommental Protection
Agency (EPA) the authority and responsibility for management of the
Superfund and implementation of the site response program. In accordance
with section 105 of CERCLA, EPA has established procedures for reporting
releases, evaluating remedies, determining the appropriate extent of
response, and assuring that remedies are cost-effective; and has incorpo-
rated these procedures in the NCP (47 FR 31180, July 16, 1982; 40 CFR 300)
as Subpart F (40 CFR 300.61-300.71). Additional amendments were proposed on
February 12, 1985, and are anticipated to be published after the publication
of this document. Many of the proposed changes in the revised NCP that
relate to conducting an RI/FS have been incorporated into this guidance
document.

Subpart F of the NCP sets forth the process by which remedial actions
will be evaluated and selected, shown in Figure 1-1, and the factors to be
considered in this process under the requirements of section 105. Response
to and action to minimize damage from hazardous substances releases must, to
the greatest extent practicable, be in accordance with the NCP.

The purpose of this guidance document is to provide a more detailed
analytical structure to the framework for identifying, evaluating, and
selecting remedial action alternatives put forth in the NCP. This guidance
should be used by Federal and State Remedial Project Managers and their
contractors, who are responsible for developing and preparing supporting
documentation for remedial actions performed under CERCIA. Additionally,
this guidance should be used by Federal, State, and private hazardous waste
management officials developing remedial actions at sites where enforcement
actions are taken, or for which claims against the Fund are to be presented.
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Figure 1-1. Current NCP Process
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It is important to note that, while this document provides analytical
guidance to the user, it does not provide guidance on the overall management
of the remedial process, nor does it provide specific guidance on the best
analytical techniques to use on a site-by-site basis. Management guidance
is provided in separate EPA/State participation, enforcement, and contract
management guidance documents. Technical guidance documents that may be
useful in conducting specific analyses are available or forthcoming. These
documents are discussed further at the end of this chapter.

1.1 THE NATIONAL CONTINGENCY PLAN FRAMEWORK FOR THE REMEDIAL RESPONSE
PROCESS

The NCP sets forth a five step remedial response process:

1. Site discovery or notification: A release of hazardous substances,
pollutants, or contaminants identified by Federal, State, local
govermment agencies, or private parties is reported to the National
Response Center (NRC). Upon discovery, such potential sites are
screened to identify release situations warranting further remedial
response consideration. These sites are entered into the Emergency
and Remedial Response Inventory System (ERRIS); this computerized
system serves as a data base of site information and tracks the
change in status of a site through the remedial response process.

2. Preliminary assessment and site inspection (PA/SI): The
preliminary assessment involves the collection and review of all
available information and may include off-site reconnaissance to
evaluate the source and nature of hazardous substances present and
to identify the responsible party(s). Depending on the results of
the PA, a site may be referred for further action. Site
inspections routinely include the collection of samples and are
conducted to determine the extent of the problem and to obtain
information needed to determine whether a removal action is needed
at the site or whether the site should be included on the National
Priorities List (NPL).

3. Establishing priorities for remedial action: Sites are scored
using the Hazard Ranking System (HRS) and the data from the PA/SI.
This scoring process is the primary mechanism for identifying sites
to be included in the National Priorities List (NPL), which in turn
is the guide for allocating Superfund monies for cleanups. Sites
that receive a score of 28.5 or greater will be proposed as
candidates for the NPL. After public comment, these sites may be
included on the NPL.

4. Remedial investigation/feasibility study (RI/FS): Site investi-
gations are conducted to obtain information needed to identify,
select, and evaluate remedial action alternatives in the feasi-
bility study based on technological, public health, institutional,

1-3



cost, and envirommental factors. The final result of this step is

selection of the most appropriate, cost-effective solution. 1In
some cases, the RI may show that no further action is needed.

5. Remedial action design and construction: The actual design of the
selected remedial action is developed then implemented through
construction.

Under step 4 above, the NCP requires that the need for appropriate
response actions must be identified in the project scoping stage, prior to
planning the RI, in order to establish a basis for RI and FS funding. The
information from the preliminary assessment, site inspection, or other
sources 1is used to determine the general types of response actions
applicable to the site for use in planning the RI. The NCP also requires
that a detailed remedial investigation and feasibility study be conducted
for the sites that are listed on the National Priorities List (section 105
of CERCLA) and targetted for remedial response under section 104 of CERCLA
in order to obtain the data necessary to define the problem and evaluate and
select alternative remedial measures. The remedial investigation (RI--for
which separate guidance has been developed) provides site characterization
data that serve as the basis for development of the feasibility study (FS).
In the FS, alternative remedial actions are developed and evaluated in terms
of cost, engineering implementation and comstructability, the extent to
which each alternative provides protection to public health and the environ-
ment, and environmental impacts during or remaining after implementation.
Remedies that are developed and implemented by private parties under CERCLA
must also be consistent with the NCP.

The feasibility study and remedial investigation are interdependent.
The activities comprising these two projects are generally performed con-
currently rather than sequentially. The remedial investigation emphasizes
data collection and site characterization while the feasibility study em-
phasizes data analysis and evaluation of alternatives. Because of the
complex nature of many sites, however, new site characterization information
may be developed as the RI progresses that requires reassessment of the
general types of response actions identified, with the possible addition of
other types of responses. In turn, this may require expanding the remedial
investigation to develop the data necessary to evaluate the new
alternatives.

Figure 1-2 presents a flow chart of the RI/FS process, illustrating the
interdependence and concurrence of tasks performed in the remedial investi-
gation and feasibility study. The numbers identifying the tasks (boxes) in
the flow chart are keyed to the tasks in the model contract statements of
work for remedial investigations and feasibility studies, and are tabulated
under the flow charts. (EPA's model statement of work for feasibility
studies is provided in Appendix A of this document.) Chapters of this
document and its companion document, the "Remedial Investigation Guidance
Document ," which provides guidance for performing the respective tasks are
identified in this figure by task. Additionally, the figure shows
milestones and identifies specific reports which may be required.
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1.2 AN OVERVIEW OF THE FEASIBILITY STUDY PROCESS

The feasibility study process is outlined in Figure 1-3. The first
step of the feasibility study, defining the objectives of the action and
broadly developing response actions, should be performed as a refinement to
project scoping during the remedial investigation and should be summarized
in the final remedial investigation report. There may be modification of
this scoping as data are collected or as the general response actions are
more fully developed during the feasibility study stage. The remedial
alternatives developed at this point are general response actions which
broadly define the nature of the response. In general, they should address
whether source control measures (measures designed to prevent or minimize
migration of hazardous substances from the source) and/or management of
migration measures  (measures designed to mitigate the impact of contamina-
tion that has migrated into the environment) are necessary, and what phasing
of these measures (operable units) may be necessary. The terms "source
control" and "management of migration" refer to two general categories of
response actions that are useful for developing specific alternatives. The
term "on-site response actions' in the policy on CERCLA compliance with
other envirommental laws refers to both source control and management of
migration measures. These requirements are discussed throughout this
document .

The next step in the process is the development of specific alterna-
tives within the general response categories. First, technologies within
the categories are screened for their technical applicability to the site.
Technologies considered technically appropriate are then combined to form
operable units that address one or more aspects of the identified site
problems. These operable units may then be combined to form alternatives
addressing the complete site. The alternatives are then screened on the
basis of public health, envirommental, and cost concerns. Development and
screening of alternatives is discussed in detail in chapter 2.

The next five activities comprise the detailed analysis of alterna-
tives, which is necessary to provide the decisionmaker with information for
selecting the alternative that is cost-effective. The remaining chapters of
this guidance document provide a framework for developing the necessary
analysis for making this selection. Each chapter discusses a major aspect
of the feasibility study process. Chapter 3 covers the engineering analysis

lManagement of migration measures have previously been known as "off-site"
measures, as defined in section 300.68(e)(3) of the NCP. This term has
been changed to avoid confusion between measures involving the minimization
or mitigation of migration of wastes or contaminants which have moved away
from the source, and off-site disposal of wastes following removal from a
site. Management of migration measures are measures taken to mitigate or
minimize the further migration of contaminants which have already moved
from the source. Off-site treatment or disposal of wastes following
removal , referred to as off-site treatment or disposal, is generally a
source control measure.
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Figure 1-3. Feasibility Study Process
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of the alternatives in terms of constructability and reliability to ensure
the implementability of alternatives. Chapter 4 covers the institutional
analysis of alternatives in terms of the Federal, State, or local standards,
advisories, or guidance that must be attained or considered to protect the
public health, welfare, and environment. Chapter 5 covers public health
exposure evaluation, and chapter 6 covers the environmental analysis of
alternatives. The evaluation of the costs of alternatives is discussed in
chapter 7. Chapter 8 provides guidance on how to organize and summarize the
information developed in analyses described in previous chapters. The
objective of this summary is to ensure that important information is
presented in a concise format so that the decisiommaker can choose the
remedy that provides the best balance of health and environmental
protection, and engineering reliability with cost.

Chapter 9 discusses the format of the report for the feasibility study.
It identifies the elements of the feasibility study report, the rationale

for their inclusion, the level of detail, and the documentation necessary to
accompany the report.

1.3 REMEDIAL ALTERNATIVES MUST ADDRESS THE REQUIREMENTS OF OTHER
ENVIRONMENTAL LAWS

EPA's current policy, regarding compliance of CERCLA response actions
with the requirements of other environmental laws, is to give primary con-
sideration to the selection of those response actions that are effective in
preventing or, where prevention is not practicable, minimizing the release
of hazardous substances so that they do not migrate to cause substantial
danger to present or future public health, welfare, or the enviromment. As
a general rule, this can be accomplished by pursuing remedies that meet the
standards of applicable or relevant Federal public health or environmental
laws. However, because of the unique circumstances at particular sites,
there may be alternatives that do not meet the standards of other laws, but
which still provide protection of public health, welfare, and the environ-
ment. For example, at certain sites, it may be technically impractical,
envirommentally unacceptable, or excessively costly to implement a response
action that fully attains the requirements of the laws.

This policy effectively examines response actions which prevent
hazardous substances from migrating into the enviromment and actions which
minimize migration, recognizing that CERCLA primarily addresses inadequate
past disposal practices and resultant unique site conditions.

On-site source control or management of migration measures will not
require envirommental permits; however, off-site waste treatment, storage,
or disposal must be at a facility permitted under the appropriate
environmental law. However, this requirement does not prohibit a State or
local authority from fulfilling their respective permitting requirements.
The application of this policy in developing and selecting remedies at
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Superfund sites is discussed in subsequent chapters. EPA has also included
requirements of this policy in the proposed revisions to the NCP.

1.4 THE PROCESS APPLIES TO ENFORCEMENT ACTIONS

Enforcement actions must follow the same analytical steps for develop-
ing and evaluating remedial actions as Federal- and State-lead, Fund-financed
actions. Additionally, to support enforcement case preparation, regional and
State project managers and their contractors may be required to prepare endan-
germent assessments and remedial options negotiations documents. Basically,
these documents characterize the threat to public health and the environment
posed by the site and the alternatives for mitigating that threat.

Chapter 10 (forthcoming) discusses in greater detail enforcement
actions and necessary support documentation. The chapter identifies the
procedures governing potential responsible party (PRP) participation in the
development of the RI/FS. The chapter highlights stages of PRP participa-
tion in an RI/FS that are unique from an enforcement perspective. The
chapter also addresses the differences between PRP and Fund-financed RI/FS.

1.5 SUPPLEMENTAL GUIDANCE DOCUMENTS UNDER DEVELOPMENT

The user should be aware of additional policy, management, and
technical guidance that may affect the conduct of the FS. Some of the most
important of these include:

e '"Procedures for Planning and Implementing Off-Site Response Actions"

e '"Agency Policy on CERCLA Compliance with other Environmental Laws"

e '"Guidance for Remedial Investigations under CERCLA"

e "Methodology for Screening and Evaluation of Remedial Responses"

e Surface Cleanup Guidance for Drums, Tanks, and Lagoons

e Guidance for Alternative Water Supply

o '""Remedial Action Costing Procedures Manual"

e '"Compendium of Costs for Remedial Technologies"

o '"Superfund Public Health Procedures

e '"Health Effects Assessment Documents"

o "Superfund Exposure Assessment Manual"

e '"Endangerment Assessment Guidance"

e ''User's Guide to the Contract Laboratory Program"



e '"State Participation in the Superfund Remedial Program"

e '"Community Relations in Superfund: A Handbook."

While many of these documents are available, several are currently in pre-
paration and will be forthcoming.
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CHAPTER 2

DEVELOP A RANGE OF REMEDIAL ALTERNATIVES

The National 0il and Hazardous Substances Contingency Plan (NCP) out-
lines a process for identifying, developing, and evaluating remedial action
alternatives for a given site. The process begins with project scoping,
discussed in chapter 2 of the EPA's "Remedial Investigation Guidance
Document.” As part of project scoping, general response actions to remedy
known problems at the site are identified (based upon existing data) as a
basis for planning the Remedial Investigation and Feasibility Study.
Remedial response_actions fall into three general categories: initial
remedial measures~, source control, and management of migration. NCP
project scoping requirements are specified in NCP Section 300.68(d) , which

states in part:

(d) The lead agency, in cooperation with the State(s), will examine
available information and determine...the type or types of
remedial response that may be needed to remedy the release. This
scoping will serve as the basis for requesting funding for a
remedial investigation and feasibility study....

With additional site—-specific data from the remedial investigation, remedial
alternatives within the general response categories are developed and evalu-
ated. As a result of the investigation, it may be determined that addi-
tional general response actions are needed.

The development and evaluation of remedial alternatives then proceeds
in three phases. First, a limited number of alternatives are developed.
Second, an initial screening of these alternatives reduces them to a work-
able number. Third, a limited number of remedial alternatives, based on
those that have passed the init}al screening, are analyzed in detail.
Section 300.68(g), (h), and (i)~ of the NCP outlines this process:

(g) Development of Alternatives. A limited number of alternatives
should be developed for either source control or [management of

1The proposed revisions to the NCP eliminate initial remedial measures as a
remedial response category. Response actions conducted previously as
initial remedial measures will, in the future, be considered removal
actions, source control measures, or management of migration measures.

2Federal Register, Vol. 47, No. 137, July 16, 1982.
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(h)

(1)

This chapter is a guide to the first two phases of this process.
through 7 of this document provide guidance on the third phase, the detailed

analysis

migration] (or both) depending upon the type of response that has

been identified...as being appropriate.

Initial Screening of Alternatives. The alternatives developed...

will be subjected to an initial screening to narrow the list of
potential remedial actions for further detailed analysis.

Detailed Analysis of Alternatives. (1) A more detailed evaluation

will be conducted of the limited number of alternatives that
remain after the initial screening....

of alternatives.

2.1 OVERALL APPROACH

The

recommended alternative development and screening procedure (Figure

2-1) consists of six steps.

Identify General Response Actions
1. Identify site groblems and pathways of contamination (remedial
investigation)~.
2. TIdentify general response actions that address site problems and
meet cleanup goals and objectives.
Identify and Screen Technologies and Develop Remedial Alternatives
3. 1Identify possible technologies in each general response action,
then screen the technologies to eliminate inapplicable and
infeasible technologies based on site conditions.
4. Assemble technologies into operable units based on the remaining

feasible technologies.

Screen Public Health, Environmental, and Cost Factors

5.

Screen alternatives, eliminating those that have significant ad-

verse impacts or that obviously do not adequately protect the
environment, public health, and public welfare.

3Detailed guidance for identifying pathways is forthcoming in the Public
Health Procedures Manual.
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Figure 2-1. Feasibility Study Alternative Development and Screening Process
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6. Screen alternatives, eliminating those that are an order of magni-
tude higher in cost than other alternatives but do not provide
significantly greater environmental or public health benefits or
technical reliability.

Developing and screening remedial alternatives is actually a repetitive
process that may take place at several points in the RI/FS process. The
process may begin during the remedial investigation to define the field data
requirements of specific remedial action alternatives. As more site data
are collected, existing alternatives may be rescreened, or additional alter-
natives developed to reflect improved understanding of the site. Screening
may also occur during the detailed analysis of alternatives if it is decided
that an alternative should not be considered further, based upon the
screening criteria discussed in steps 5 and 6 (the reasons for such a
decision must be clearly documented).

Each study should, at a minimum, include each of the six elements,
although some studies may require modifications of this process to meet site
conditions. Each feasibility study should concisely summarize the results
of each step, as explained in chapter 9. In some circumstances, especially
if the site is undergoing remediation pursuant to enforcement actions, an
interim report identifying the remaining remedial alternatives may be pre-
pared. This report is known as a Remedial Options Negotiation Document and
supports Agency negotiations with responsible parties by identifying appro-
priate remedial technologies and alternatives for site cleanup, considering
any previous site work and any in progress. Normally, regional enforcement
personnel decide whether such a document is required.

The alternative development and screening steps described in the
following sections of this chapter are presented rather formally, but the
process is generally a more informal matter of using established engineering
practices. The formal process, summarized below, need not be followed
rigidly, but it should be used as a framework for documenting the initial
screening decisions.

2.2 IDENTIFY GENERAL RESPONSE ACTIONS

The development of remedial alternatives (steps 1 through 4 above), is
described in detail in the following sections.

2.2.1 1Identify Site Problems

The user should identify alternatives that address all significant site
problems and pathways of contamination identified during the remedial
investigation. Site problems can generally be placed in one or more of the
following categories: (1) air pollution; (2) surface water infiltration or
contamination; (3) leachate generation and contaminated ground water; (&)
gas migration; (5) presence of wastes in drums, lagoons, etc.; (6)
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contaminated sediments and soils; and (7) contaminated water supply and
sewer lines.

The information needed to identify the site problem is usually gathered
during the preliminary assessment and the site inspection and summarized in
the initial scoping of the remedial investigation. The EPA manual
"Methodology for Screening and Evaluation of Remedial Responses” presents
sample site problems, with their associated classes of remedial responses,
as part of a recommended approach to technology selection and screening.

2.2.2 Identify General Response Actions

Based on site information from the remedial investigation, the user
should identify general response actions, or classes of response without
necessarily identifying specific technologies. General response actions
considered should include the "no action” alternative as a baseline against
which other measures can be measured. Examples of general response actions
include the following:

-

e No action’
e Containment
e Pumping
- On-site
- Off-site
e¢ Collection
e Diversion
e Complete removal
e Partial removal
e On-site treatment
o In situ treatment
e Storage
e On-site disposal
e Off-site disposal
e Alternative drinking water supply
® Relocation of receptors

e Other off-site measures.

In preparation.

5 ” () "
The "no action" alternative does not preclude removal action under the

CERCLA removal program.
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2.3 IDENTIFY AND SCREEN TECHNOLOGIES

The user should identify feasible technologies for each general res-—
ponse action identified, recognizing that there may be compatible and incom-
patible combinations of source control and management of migration measures.
Table 2-1 is a partial list of technologies appropriate to the general
response actions described above. Some technologies should be modified or
eliminated, such as those that may prove extremely difficult to implement,

may not achieve the remedial objective in a reasonable time, or may rely on
unproven technology.

Table 2-2 is a comprehensive list of remedial technologies classified
according to the kinds of site problems they are intended to mitigate. For
technologies that can be used in various configurations, several “"function
options” are also given. Similarly, where different materials may be used
in the same technology, "materials options™ are provided. The user should
refer to the EPA "Handbook for Remedial Action at Waste Disposal Sites”
(June 1982) for a more comprehensive description of these technologies.
During technology screening, the use of this list will help ensure that all
remedial technologies are considered. The list should be updated periodi-

cally to incorporate newly developed technologies.

The user should review site data to identify conditions that may limit
or promote the use of certain remedial technologies. Such information is
generally gathered during the site investigation or remedial investigation.
Table 2-3 identifies site characteristics that should be evaluated as part
of the screening process. Technologies whose use is clearly precluded by
site characteristics should be eliminated from consideration.

The user should also identify waste characteristics that limit the
effectiveness or feasibility of the remedial technologies. Such character-
istics include: (1) physical properties such as volatility, solubility, and
density; (2) specific chemical constituents such as chlorinated organic
chemicals or metals; and (3) properties that determine the waste's toxicity
or degree of hazard, such as persistence, acute toxicity, and ignitability.
Table 2-4 presents waste characteristics that may influence the feasibility
and effectiveness of remedial actions. Technologies clearly limited by
waste characteristics should be eliminated from consideration.

The user should also identify the level of technology development,
performance record, and inherent construction, operation, and maintenance
problems of each technology considered. Technologies that are unreliable,
perform poorly, or are not fully demonstrated should be eliminated. Limita-
tions of various remedial ‘technologies are discussed in the EPA "Handbook
for Remedial Action at Waste Disposal Sites” (June 1982) and other documents
listed in the bibliography.

The. user may wish to use a previously developed methodology that
presents feasible remedial technologies and their limiting waste, site, and
technology characteristics. The EPA manual "Methodology for Screening and
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TABLE 2-1.

GENERAL RESPONSE ACTIONS AND ASSOCIATED
REMEDIAL TECHNOLOGIES

General Response

Action Technologies

No Action Some monitoring and analyses may be performed.

Containment Capping; ground water containment barrier walls;
bulkheads; gas barriers.

Pumping Ground water pumping; liquid removal; dredging.

Collection Sedimentation basins; French drains; gas vents; gas
collection systems.

Diversion Grading; dikes and berms; stream diversion ditches;

Complete Removal

Partial Removal

On-site Treatment

Off-site Treatment

In Situ Treatment

Storage

On-site Disposal
Off-site Disposal
Alternative Water

Supply

Relocation

trenches; terraces and benches; chutes and downpipes;
levees; seepage basins.

Tanks; drums; soils; sediments; liquid wastes;
contaminated structures; sewers and water pipes.

Tanks; drums; soils; sediments; liquid wastes.

Incineration; solidification; land treatment;
biological, chemical, and physical treatment.

Incineration; biological, chemical, and physical
treatment.

Permeable treatment beds; bioreclamation; soil
flushing; neutralization; land farming.

Temporary storage structures.

Landfills; land application.

Landfills; surface impoundments; land application.
Cisterns; aboveground tanks; deeper or

upgradient wells; municipal water system; relocation

of intake structure; individual treatment devices.

Relocate residents temporarily or permanently.
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TABLE 2-2. REMEDIAL TECHNOLOGIES

Air Pollution Controls

Capping

Synthetic membranes

- Clay

Asphalt

Multimedia cap

Concrete

Chemical sealants/stabilizers

Dust Control Measures

- Polymers
- Water

Surface Water Controls

Capping (see A.)
Grading

- Scarification
- Tracking
- Contour furrowing

Revegetation

- Grasses

Legumes
Shrubs
Trees, conifers

Trees, hardwoods

Diversion and Collection Systems

Dikes and berms

Ditches and trenches

Terraces and benches

Chutes and downpipes

Seepage basins

Sedimentation basins and ponds

(continued)
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TABLE 2-2. (continued)

- Levees
- Addition of freeboard
- Floodwalls

C. Leachate and Ground Water Controls

e Capping (see A.)
e Containment barriers
Function options

- Downgradient placement
— Upgradient placement
— Circumferential placement

Material and construction options (vertical barriers)

- Soil-bentonite slurry wall

— Cement-bentonite slurry wall
Vibrating beam

= Grout curtains

Steel sheet piling

Horizontal barriers (bottom sealing)

— Block displacement
- Grout injection

e Ground water pumping (generally used with capping and treatment)
Function options
— Extraction and injection
- Extraction alone

~ Injection alone

Equipment and Material Options

- Well points
— Deep wells

(continued)
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TABLE 2-2. (continued)

— Suction wells
- Ejector wells

e Subsurface Collection Drains
- French drains
- Tile drains
- Pipe drains (dual media drains)

Gas Migration Controls (generally used with treatment)

e Capping (gas barriers) (see A.)
e Gas collection and/or recovery
— Passive pipe vents
- Passive trench vents

— Active gas collection systems

Excavation and Removal of Waste and Soil

o Excavation and removal

- Backhoe

- Cranes and attachments

~ Front end loaders

- Scrapers

= Pumps

- Industrial vacuums

- Drum grapplers

- Forklifts and attachments

® Grading (see B.)
e Capping (see A.)
® Revegetation (see B.)

Removal and Containment of Contaminated Sediments

e Sediment removal
(continued)

2-10



TABLE 2-2. (continued)

=
=]

Mechanical dredging
~ Clamshell

- Dragline

- Backhoe

Hydraulic dredging
— Plain suction

- Cutterhead

— Dustpan

Pneumatic dredging

- Airlift
- Pneuma
- Oozer

Sediment turbidity controls and containment

Curtain barriers
Coffer dams
Pneumatic barriers
Capping

|

Situ Treatment

Hydrolysis

Oxidation

Reduction

Soil aeration

Solvent flushing

Neutralization

Polymerization

Sulfide precipitation

Bioreclamation

Permeable treatment beds

Chemical dechlorination
(continued)
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TABLE 2-2. (continued)

H. Direct Waste Treatment

e Incineration

- Rotary kiln

- Fluidized bed

- Multiple hearth

- Liquid injection

- Molten salt

- High temperature fluid wall
— Plasma arc pyrolysis

- Cement kiln

- Pyrolysis/starved combustion
- Wet air oxidation

- Industrial boiler or furnace

e Gaseous waste treatment
- Activated carbon
- Flares
~ Afterburners

e Treatment of aqueous and liquid waste streams

Biological treatment

Activated sludge
Trickling filters

Aerated lagoons

- Waste stabilization ponds
Rotating biological disks
Fluidized bed bioreactors

Chemical treatment

- Neutralization
- Precipitation
- Oxidation
- Hydrolysis
- Reduction
—~ Chemical dechlorination
- Ultraviolet/ozonation
(continued)
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TABLE 2-2. (continued)

Physical treatment

- Flow equalization

- Flocculation

- Sedimentation

- Activated carbon

- Kleensorb

- TIon exchange

- Reverse osmosis

- Liquid-liquid extraction
- Oil-water separator

- Steam distillation

- Air stripping

- Steam stripping

- Filtration

- Dissolved air flotation

Discharge to a publicy owned treatment works
Solids handling and treatment
Dewatering

- Screens, hydraulic classifiers, scalpers
— Centrifuges

- Gravity thickening

- Flocculation, sedimentation

~ Belt filter presses

- Filter presses

- Drying or dewatering beds

- Vacuum—-assisted drying beds

Treatment

Neutralization
Solvent
Oxidation
Reduction
Composting

Solidification, stabilization, or fixation

- Cement-based
(continued)
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TABLE 2-2.

(continued)

Land

Lime-based
Thermoplastic
Organic polymer

Self-cementing techniques

Surface encapsulation
Glassification

Solidification (i.e., to fly ash, polymers, sawdust)

Disposal Storage

Contaminated Water Supplies and Sewer Lines

Landfills

Surface impoundments
Land application
Waste piles

Deep well injection
Temporary storage

¢ In situ cleaning

e Removal and replacement

® Alternative drinking water supplies

Cisterns or tanks

Deeper or upgradient wells

Municipal water systems
Relocation of intake

e Individual treatment units
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TABLE 2-3. SITE CHARACTERISTICS THAT MAY
AFFECT REMEDIAL TECHNOLOGY SELECTION

Site volume Depth of bedrock

Site area Depth to aquicludes

Site configuration Degree of contamination

Disposal methods Direction and rate of

Climate (precipitation, ground water flow
temperature, evaporation) Receptors

Soil texture and permeability Drinking water wells

Soil moisture Surface waters

Slope Ecological areas

Drainage Existing land use

Vegetation Depths of ground water or plume

TABLE 2-4. WASTE CHARACTERISTICS THAT MAY AFFECT
REMEDIAL TECHNOLOGY SELECTION

Quantity/concentration Infectiousness

Chemical composition Solubility

Acute toxicity Volatility

Persistence Density

Biodegradability Partition coefficient
Radioactivity Compatibility with other chemicals
Ignitability Treatability

Reactivity/corrosivity
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Evaluation of Remedial Responses"6 presents one such approach, with
screening tables showing site, waste, and technology limitations for
remedial alternatives under each general class. The manual also has a
checklist for tracking technologies not excluded by the limitations given in
the tables. This and similar methodologies, however, should serve only as
guides for screening. They cannot substitute for acceptable engineering
practice in screening technologies.

The user should give special consideration to technologies that perman-
ently contain, immobilize, destroy, or recycle contaminants, and technolo-
gies that promote energy recovery. Also, certain technologies often are
used in combination, and the user should have a working knowledge of those
technologies. EPA is currently drafting guidance for the consideration of
these technologies.

2.4 DEVELOP ALTERNATIVES BY COMBINING TECHNOLOGIES

Technologies that have passed the technology screening can be used to
form more definite alternatives.

In developing remedial alternatives, the user should rely on acceptable
engineering practice to determine which of the screened technologies appear
most suitable for the site. Consideration should be given to recycle,
reuse, waste minimization, destruction, or other advanced, innovative, or
alternative technologies, if appropriate. The user should document the
reasons for excluding technologies that passed the technology screening.

The user should also consider relevant and applicable standards listed in
Table 5-2 in selecting and combining technologies into alternatives to
achieve specific cleanup goals.

As part of the feasibility study (FS), at least one alternative for
each of the following must, at a minimum, be evaluated within the require-
ments of the feasibility study guidance and presented to the decisionmaker
(the FS report should discuss those situations where no feasible alternative
can be identified for a given category):

(a) Alternatives for treatment or disposal at an off-site facility
approved by EPA (including RCRA, TSCA7 CWA, CAA, MPRSA, and SDWA
approved facilities), as appropriate;

In preparation.

"These alternatives must be consistent with EPA Policy "Procedures for
Planning and Implementing Off-Site Response Actions'" (see Appendix B). 1In
some cases, off-site disposal or treatment may not be feasible and this
alternative may be eliminated during initial screening of alternatives.
The decision documents should reflect this screening.
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(b) Alternatives which attain applicable and relevant Federal public
health or environmental standards;

(c) As appropriate, alternatives which exceed applicable and relevant
public health or environmental standards;

(d) Alternatives which do not attain applicable or relevant public
health or environmental standards but will reduce the likelihood
of present or future threat from the hazardous substances. This
must include an alternative which closely approaches the level of
protection provided by the applicable or relevant standards and
meets CERCLA's objective of adequately protecting public health,
welfare, and environment.

(e) A no action alternative.

Since ground water contamination is the most frequent type of problem
at NPL sites, the corrective action requirements of Subpart F of the RCRA
regulations (40 CFR Part 264) will be applicable or relevant in many cases
and should be included in alternatives developed under category (b). Under
the RCRA regulations, corrective actions must attain a ground water cleanup
standard established for each facility. For a limited number of
potential contaminants, a standard is specified in the regulations at levels
corresponding to National Interim Primary Drinking Water Standards developed
pursuant to the Safe Drinking Water Act. An alternate concentration limit
(ACL) may be established for any contaminant upon a determination that the
ACL will "not pose a substantial present or potential hazard to human health
or the environment as long as the alternate concentration limit is not
exceeded” [40 CFR 264.94(b)]. In the absence of an ACL or a standard based
on Safe Drinking Water Act determinations, the ground water protection stan-—
dard is background. The RI/FS should examine whether an ACL is appropriate
at each site where the Subpart F regulations are applicable or relevant.

Generally, ACLs can be based on a demonstration that there is a lack of
exposure or that levels of exposure are adequate to protect human health.
In considering ACLs, it is appropriate to consider attenuation, degradation,
and dilution of the contaminants before they reach possible receptors.
Engineering approaches can be used to augment natural dilution and
attenuation processes. Additionally, institutional controls to assure that
ground water within the current or probable reach of the plume of
contamination will not be withdrawn, or will be withdrawn only at points at
which contaminants are at concentrations that are safe, may be considered as
a basis for controlling exposure. In conjunction with the controls
described above, there may be limited circumstances where trestment of the
water before use can be guaranteed as a means of preventing exposure to
harmful levels. The decision criterion is in all cases, however, whether an
alternate concentration level will pose a substantial hazard to human health
or the environment. Alternatives that do not meet the RCRA Subpart F
requirements for background MCLs or ACLs but significant